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ABSTRACT 

The  Woodstock  1 :24,000-scale  topographic  quadrangle  is  located  within  a  region  of  complex  glacial 
geology  and  particularly  vulnerable  groundwater  resources.  For  these  reasons,  it  was  selected  for 
a  study  of  the  geologic  aspects  of  a  groundwater  protection  needs  assessment  (GPNA)  for  the  City 
of  Woodstock,  Illinois.  This  case  study  (1)  presents  a  model  methodology,  applicable  to  other 
regions  in  Illinois,  for  characterizing  an  area  of  complex  glacial  geology  for  a  GPNA,  and  (2)  demon- 
strates how  the  methods  can  be  applied  to  a  selected  study  area.  Maps  showing  stack  units  of 
geologic  materials  to  a  depth  of  100  feet,  bedrock  topography,  and  drift  thickness  were  made,  as 
were  isopach  maps  of  aquifers.  In  addition,  a  contamination  potential  map  was  constructed  on  the 
basis  of  depth  to  the  uppermost  aquifer. 

Results  of  stack-unit  (three-dimensional)  geologic  mapping  show  four  distinct  glacial  drift  aquifers 
separated  by  confining  or  semiconfining  diamicton  units.  Because  a  thick  drift  aquifer  lies  within  20 
feet  of  the  surface,  more  than  one-half  of  the  study  region  was  assigned  a  high  contamination 
potential  rating.  The  generalized  methods  described  in  this  report  provide  communities,  counties, 
and  private  consultants  with  a  model  for  conducting  the  geologic  aspects  of  a  GPNA.  As  an  effective 
planning  tool  for  protecting  groundwater,  GPNAs  go  well  beyond  the  level  of  protection  provided  by 
wellhead  setback  zones. 

INTRODUCTION 

The  Illinois  Groundwater  Protection  Act  of  1987  (P.A.  85-863)  is  comprehensive  legislation  for  the 
protection,  preservation,  and  management  of  groundwater  in  Illinois.  Compliance  with  the  Act 
requires  sufficiently  detailed  geologic  mapping  to  locate  and  define  the  resource.  It  also  requires  an 
assessment  of  groundwater  quality  through  a  monitoring  program.  Specific  facets  of  this  program 
are  discussed  in  Section  7  (b)  (1)  of  the  Act,  which  mandates  long  term,  statewide,  groundwater 
quality  monitoring,  and  Section  7  (b)  (2),  which  mandates  statewide  groundwater  resource  assess- 
ments, including  the  location  of  groundwater  resources  and  mapping  of  aquifers. 

The  need  for  geologic  mapping  and  aquifer  delineation  reappears  in  Section  17.1  (a),  which 
authorizes  counties  or  municipalities  to  prepare  a  groundwater  protection  needs  assessment 
(GPNA).  The  assessment  of  potential  contaminant  sources  includes  an  evaluation  of  the  attenuative 
qualities  of  soils;  the  nature,  rate,  and  direction  of  groundwater  flow;  and  the  depth  to  the  uppermost 
geologic  formation  containing  groundwater  (Sec.  17.1  (a)  (4)).  The  information  subsequently  can 
be  used  for  local  planning  purposes  by  the  county  or  municipality. 

Purpose 

No  methodological  approach  to  groundwater  assessments  is  specified  by  the  Groundwater  Protec- 
tion Act,  although  it  authorizes  counties  and  municipalities  to  perform  needs  assessments  and 
identifies  some  items  that  should  be  included  in  such  assessments.  The  Illinois  State  Geological 
Survey  (ISGS)  and  the  Illinois  State  Water  Survey  (ISWS),  in  cooperation  with  the  Illinois  Environ- 
mental Protection  Agency  (IEPA),  have  therefore  developed  an  approach  for  undertaking  the 
geologic  and  hydrologic  characterization  of  a  GPNA.  The  methodology  provides  a  framework  for 
guiding  communities,  counties,  and  private  consultants  through  the  process  of  determining  the  need 
for  groundwater  protection  beyond  the  baseline  of  protection  provided  by  the  statewide  application 
of  minimum  wellhead  setback  zones.  Woodstock,  Illinois,  was  selected  for  this  case  study. 

The  purpose  of  this  study  was  three-fold:  (1 )  to  present  a  case-study  methodology  for  characterizing 
an  area  of  complex  geology  for  a  GPNA,  (2)  to  show  how  the  methods  can  be  applied  to  a  selected 
study  area,  and  (3)  to  gather  information  for  this  GPNA.  The  hydrologic  aspects  of  the  Woodstock 
GPNA  will  be  completed  by  the  ISWS.  Other  aspects  of  this  GPNA,  particularly  the  identification  of 
potential  sources  and  potential  routes  of  contamination,  will  be  performed  by  the  IEPA.  The  latter 
two  investigations  will  be  published  by  the  ISWS  and  IEPA,  respectively. 

Geologic  investigations  for  the  City  of  Woodstock  and  the  surrounding  Woodstock  7.5-minute 
topographic  quadrangle  were  undertaken  to  establish  a  framework  of  stratigraphic  and  geologic 
materials.  Within  this  framework,  aquifers  could  be  delineated  and  the  potential  for  contamination 
of  land  areas  could  be  assessed  by  evaluating  the  degree  of  protection  afforded  naturally  by 
near-surface,  low-permeability  materials.  A  sufficiently  detailed  study  was  necessary  to  determine 


aquifer  properties,  such  as  transmissivity  and  hydraulic  conductivity,  as  well  as  the  geometry, 
distribution,  and  relationships  among  aquifer  units  and  interfingering  confining  beds. 

Study  Area  Selection 

During  late  1991,  the  ISGS,  ISWS,  and  IEPA  selected  the  city  of  Woodstock  (McHenry  County)  as 
the  focus  of  this  model  GPNA.  Woodstock  was  selected  because  previous  investigations  (Johnson 
et  al.  1985,  Keefer  and  Berg  1990)  had  revealed  that  much  of  north-central  Illinois,  including  the 
Woodstock  area,  was  one  of  complex  glacial  geology.  Groundwater  resources  are  known  to  be 
particularly  vulnerable  to  contamination  from  land  surface  sources  in  this  area.  Because  the 
groundwater  was  highly  vulnerable  to  contamination  in  this  region,  the  counties  of  McHenry,  Boone, 
and  Winnebago  were  designated  (by  the  IEPA  and  the  Interagency  Coordinating  Committee  on 
Groundwater)  as  the  "Northern  Illinois  Groundwater  Protection  Planning  Region."  This  designation 
allowed  for  groundwater  protection  funds  allocated  by  the  State  of  Illinois  to  be  used  for  groundwater 
protection  purposes,  thereby  funding  the  Woodstock  case  study. 

This  study  provides  a  demonstration  of  the  necessary  study  area  size  to  conduct  a  thorough  GPNA 
for  a  given  community.  The  size  of  the  study  area  should  be  sufficient  to  gain  an  understanding  of 
the  regional  geology  as  it  relates  to  the  local  geology.  Understanding  the  regional  geology  makes 
it  easier  to  accurately  map  the  geologic  units  in  an  area  and  characterize  variations  in  material 
properties  and  unit  thicknesses.  In  addition,  geologic  and  hydrologic  boundaries  are  not  restricted 
to  municipal  boundaries.  Thick,  surficial  aquifers  are  present  in  the  Woodstock  area,  and  their 
recharge  areas  may  extend  several  miles  from  the  municipal  boundary.  Also,  well-capture  zones 
and  areas  of  influence  around  pumping  wells  may  extend  significantly  beyond  such  boundaries. 
Therefore,  the  study  area  encompasses  the  entire  Woodstock  7.5-minute  topographic  quadrangle 
(1 :24,000  scale,  approximately  55  square  miles).  The  city  of  Woodstock  (approximately  3  square 
miles)  is  located  near  the  center  of  this  quadrangle. 

Cultural  Setting 

Woodstock,  located  in  central  McHenry  County  (fig.  1),  is  the  only  urban  area  on  the  Woodstock 
7.5-minute  topographic  quadrangle.  Because  the  city  is  the  county  seat,  much  of  the  local  economy 
is  related  to  municipal  and  county  government  activity;  however,  considerable  commercial  enter- 
prise and  some  light  industries  exist.  Population  growth  in  Woodstock  has  been  substantial.  The 
population  was  10,226  in  1970,  11,725  in  1980,  and  14,368  in  1990.  It  is  forecasted  to  be  25,700 
by  the  year  2000  (Census  Data  1990). 

The  region  surrounding  the  city  is  suburban  residential,  commercial,  and  rural.  The  population  has 
grown  considerably  in  this  region  in  the  past  two  decades,  particularly  east  and  southeast  of 
Woodstock.  It  is  estimated  (Census  Data  1 990)  that  the  population  within  the  area  of  the  Woodstock 
Quadrangle  was  13,230  in  1970,  15,440  in  1980,  and  18,540  in  1990  (a  40%  increase  from  1970 
to  1990).  This  growth  is  coincident  with  the  growth  of  McHenry  County  as  a  whole.  The  impact  of 
this  growth  on  groundwater  quantity  and  quality  issues  was  a  primary  impetus  for  doing  this 
assessment. 

Physical  Setting 

Woodstock  and  the  surrounding  region  lie  on  the  Wisconsinan  till  plain  of  northeastern  Illinois.  The 
topography  and  geologic  materials  near  the  surface  owe  their  existence  to  events  of  the  last 
glaciation  25,000  to  15,000  years  ago.  The  headwaters  of  the  Kishwaukee  River  are  at  the  south 
edge  of  the  city.  The  river  flows  southeastward  as  a  drainage  ditch  from  Woodstock.  The  city  is 
located  in  a  low  area  within  a  northwest-trending  ridge  formed  at  the  margin  of  a  late  Wisconsinan 
glacier.  The  ridge,  known  as  the  Woodstock  Moraine,  is  predominantly  composed  of  diamicton  (i.e., 
mainly  glacial  till  that  is  a  nonsorted  to  poorly  sorted  sediment  containing  a  wide  range  of  particle 
sizes),  but  a  part  of  the  ridge  to  the  east  and  south  is  made  of  sand  and  gravel  that  was  deposited 
in  contact  with  glacier  ice.  Hills  and  ridges  such  as  these  are  known  as  kames  or  kamic  moraine.  A 
kamic  moraine  covers  about  7  square  miles  east  of  Woodstock.  West  of  Woodstock,  extending 
north  to  south  along  the  west  border  of  the  quadrangle,  the  Woodstock  Moraine  consists  of  thick 
deposits  of  diamicton.  A  maximum  of  about  250  feet  of  glacial  deposits  overlies  bedrock  in  both  of 
these  areas. 


Figure  1    The  Woodstock  7.5-Minute  Quadrangle  (outlined)  defined  the  study  area. 

Land  surface  elevations  range  from  about  850  feet  above  mean  sea  level  (msl)  in  the  southwest 
and  northwest  quadrants  of  the  quadrangle  to  more  than  1 ,020  feet  at  the  crest  of  the  Woodstock 
Moraine  in  the  west-central  section  of  the  quadrangle.  The  kamic  part  of  the  Woodstock  Moraine 
east  of  Woodstock  ranges  in  elevation  from  about  900  to  990  feet.  Land  surface  elevations  within 
the  city  range  from  880  feet  on  the  backslope  of  the  moraine  in  northern  and  northeastern 
Woodstock  to  about  970  feet  near  the  crest  of  the  moraine  in  southern  and  southeastern  Wood- 
stock. Older  moraines  oriented  north  to  south  are  present  in  the  southwestern  part  of  the  quadran- 
gle; their  crest  elevations  range  from  950  to  980  feet.  Upland  areas  are  constructional  landforms 
produced  during  the  last  glaciation. 


PREVIOUS  INVESTIGATIONS 

There  have  been  no  previous  large-scale  and  comprehensive  studies  of  the  geology  of  Woodstock 
or  the  Woodstock  topographic  quadrangle.  There  have  been  numerous  regional  geologic  investi- 
gations of  northeastern  Illinois,  however,  as  well  as  some  studies  specific  to  McHenry  County. 

Kempton  (1962,  1963)  and  Kempton  and  Hackett  (1968a,  1968b)  reported  on  the  subsurface 
stratigraphy  of  glacial  materials  throughout  the  north-central  part  of  Illinois.  Hackett  and  McComas 
(1969)  conducted  one  of  the  first  geology-for-planning  studies  for  the  ISGS  in  McHenry  County. 
Combining  surface  observations  with  borehole  information,  they  mapped  the  geology  and  used  it 
to  determine  the  suitability  of  land  for  various  uses.  During  the  mid-1970s,  the  ISGS  conducted  a 


regional  study  of  McHenry,  Lake,  Cook,  Will,  Du  Page,  and  Kane  Counties  (Kempton  et  al.  1977) 
for  the  Northeastern  Illinois  Planning  Commission  (NIPC).  Surficial  and  stack-unit  maps  showing 
the  sequence  of  geologic  materials  to  a  depth  of  20  feet  were  constructed  for  each  topographic 
quadrangle,  including  the  Woodstock  Quadrangle,  at  a  scale  of  1 :24,000. 

More  recent  investigations  of  the  glacial  deposits  in  the  McHenry  County  region  were  conducted  by 
Johnson  et  al.  (1985),  Berg  et  al.  (1985),  and  Wickham  et  al.  (1988).  A  discussion  of  their 
interpretations  and  how  their  findings  relate  to  this  investigation  is  given  in  a  following  section. 

DEVELOPMENT  OF  THE  DATABASE 

Considerable  data,  including  engineering  test  borings  and  water  well  logs  (fig.  2),  were  available  to 
help  determine  the  sequence  of  geologic  deposits  for  the  Woodstock  Quadrangle.  It  was  critical  that 
information  clearly  delineating  aquifers  be  obtained  and  used.  The  highest  quality  data  were  from 
deep  test  drilling  for  water  resources,  engineering  borings  for  bridges  and  waste-disposal  facilities, 
and  exploratory  test  drilling  and/or  surface  outcrop  descriptions.  These  data  are  considered  to  be 
of  the  highest  quality  because  a  geologist  or  geotechnical  engineer  was  responsible  for  describing 
the  samples  and  cores  and  because  considerable  care  had  been  taken  to  accurately  locate  the 
drilling  or  outcrop  observation  sites.  In  total,  there  were  18  water- resource  test  borings  that  reached 
the  bedrock  surface  at  an  average  depth  of  about  1 70  feet.  There  were  also  1 3  engineering  borings 
and  seven  exploratory  borings  and/or  surface  outcrop  descriptions.  Of  the  seven  exploratory 
borings,  two  were  drilled  specifically  for  this  study  as  well  as  a  broader  countywide  study.  These 
two  borings  are  located  in  the  northeastern  and  southeastern  parts  of  the  quadrangle. 

Other  data  were  obtained  by  examining  about  1 ,300  water  well  records.  Because  of  difficulties  in 
accurately  locating  private  water  wells  from  the  locations  given  in  the  well  records  and  the 
questionable  descriptions  of  geologic  materials  by  some  drillers,  only  147  of  the  1,300  logs  from 
water  wells  were  verified  and  used  for  this  investigation.  Locations  were  verified  by  checking  the 
address  on  the  water  well  log  against  county  plat  books  and  road  maps.  Drillers  were  contacted  in 
some  cases  to  obtain  more  accurate  locations. 

In  areas  of  irregular  topography,  as  is  common  on  the  Woodstock  Quadrangle,  a  precise  location 
of  a  well  is  essential.  For  example,  mislocation  of  a  well  by  as  little  as  500  feet,  could  mean  that  its 
assumed  land  surface  elevation  could  be  30  to  50  feet  higher  or  lower  than  it  actually  is. 
Consequently,  the  subsurface  stratigraphy  depicted  on  the  well  log  could  also  be  30  to  50  feet  higher 
or  lower  than  it  actually  is,  and  stratigraphic  correlations  may  be  significantly  inaccurate. 

The  quality  of  the  information  can  be  another  problem  when  using  drillers'  logs  from  private  water 
wells.  Questionable  logs  of  private  water  wells  were  compared  to  logs  of  nearby  wells  that  had  been 
recorded  by  a  geologist  or  geotechnical  engineer.  If  the  stratigraphic  data  depicted  for  the  question- 
able log  did  not  compare  well  to  the  stratigraphy  of  the  log  made  by  a  professional,  the  private  water 
well  log  was  not  used.  When  professional  logs  were  not  available,  comparisons  were  made  to  logs 
of  other  wells  nearest  to  the  questionable  log.  A  decision  whether  or  not  to  use  the  log  was  made 
on  the  basis  of  the  degree  to  which  the  log  could  be  integrated  with  current  knowledge  of  the  regional 
geology. 

It  is  desirable  that  the  locations  of  wells  used  for  the  database  be  evenly  distributed  to  achieve 
maximum  coverage  of  the  study  area  and  to  minimize  gaps  in  the  data.  Although  147  well  records 
out  of  a  possible  1 ,300  may  seem  to  be  an  undersampling  of  all  available  information,  many  of  the 
1 ,300  private  wells  are  located  in  subdivisions  containing  closely  spaced  residences.  In  such  cases, 
the  subsurface  information  from  numerous,  closely  spaced  water  well  logs  is  often  repetitive.  The 
distribution  of  information  from  all  sources  used  for  this  model  GPNA  is  shown  in  figure  2. 
Information  is  available  within  each  1  square-mile  section  of  the  map,  except  for  a  low-lying  area 
just  beyond  the  northwestern  city  limits  of  Woodstock.  This  information  coverage  is  considered  quite 
adequate  for  mapping  at  a  scale  of  1 :24,000,  and  it  is  better  than  coverage  for  most  areas  in  Illinois. 
The  spreadsheet  software  Lotus  123  was  used  to  store  and  retrieve  the  selected  information. 
Particular  attention  was  paid  to  record  the  thickness  of  aquifers  as  well  as  the  total  thickness  of  the 
unconsolidated  materials  (glacial  deposits  and  modern  stream  deposits)  over  bedrock.  Once  the 
well  information  was  compiled,  it  was  transferred  from  Lotus  123  into  the  ARC  INFO  Geographic 
Information  System  (GIS).  Other  data  were  converted  to  digital  form,  and  contour  maps  showing 


R6E 

R7E 

;        °       /N 

1                 O            ^v 

1                 °        \ 
o 

0             1 

0      '            /                                            ' 

\                                            »v                                                   10 
\                                             'N.                                              0   1 

NEt 

1    o 
1       o 

o 

Ol 

• 

0,    0 

\                   '                    \         oo, 
\                  I                          >      o     i                                         « 

\                                       \                                               ° 

1                                o                        *N 

1                          o           I' 

1                        «- —    1 

\*         o 

o 

•                                          o 

1      OQ,                                   O 

<•!■> 

o  \ 

*^^                       o    J                                        o 

O                 1 

T 

•    o'  • 

45 

N 

31                             ►....   J><^-   •' 

4— 

_     ° J •"''V 

b 

!                                        E 

/     ° 

o           1                       / 

s^     *     *~-— J           / 

^                        „      o         "" — ~-^  o    / 

T 
44 
N 

1 

1                                      o 
1     o 

o  1 
9 

1                                                 0 

0                                                    o 

o                            ,                                    /A             ' 

o 

0 

o                            ' 
°o     o                ! 

.  o 

o 

1                             ° 

\                '                   °                /  °     ' 
\                '                                °/           ' 

o 

1                                     0           o 

\               I-            °# 

o                       , 
o 

/                                  1°                                     \   1 

°     o  1                       |\                    ! 

V^           o          ' 

1  o        ,/ 

1                                                                   1                     jf                               o       1 
o                            // 

i                             ;y 

o                                                                                                       .  f 

0                                            / 

o                                                                                     \ 

\o           '          * 

0                     \ 

o                      V^ 
0                                |               ^v_ 

SW      '       * 

1 a s 

i                 SE 

Figure  2    Locations  of  borings  and  cross  sections. 
Shaded  area  is  shown  as  figure  3. 
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aquifer  thicknesses  and  bedrock  topography  were  plotted  by  the  computer.  Isopach  (thickness) 
maps  of  aquifers  were  contoured  by  hand  and  then  digitized.  The  automated  system  shortened  the 
time  required  to  complete  the  mapping  and  data  interpretation  as  well  as  the  preparation  of  final 
products.  The  same  procedures  could  have  been  accomplished  by  hand,  but  they  would  have  been 
more  time  consuming. 

A  total  of  92  representative  data  points  were  selected,  on  the  basis  of  the  data  distribution,  for  use 
in  constructing  detailed  geologic  cross  sections.  Figure  2  shows  the  locations  of  the  four  cross 
sections:  north  to  south,  west  to  east,  northwest  to  southeast,  and  southwest  to  northeast.  The  cross 
sections  intersect  in  the  northern  part  of  Woodstock  (fig.  3),  where  numerous  water- resource 
exploration  borings  and  the  Woodstock  municipal  wells  are  located. 
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Figure  3    Detail  map  showing  locations  of  cross  sections  north  of  Woodstock. 


MAPPING  PROCEDURES 

Geologic  mapping  for  this  model  GPNA  began  with  the  construction  of  a  stack-unit  map  for  the 
Woodstock  Quadrangle.  Stack-unit  maps  showing  the  succession  of  materials  to  a  depth  of  20  feet 
had  been  constructed  for  this  region  during  the  mid-1970s  in  connection  with  the  NIPC  investiga- 
tions. This  information  was  used  in  preparing  the  new  stack-unit  map  of  the  Woodstock  Quadrangle. 
Some  boundaries  were  modified,  however,  on  the  basis  of  new  data  and  the  McHenry  County  soil 
survey  (Ray  and  Waschter  1965). 

The  stack-unit  mapping  methodology  used  for  this  study  has  been  discussed  in  detail  by  Kempton 
(1981),  Berg  et  al.  (1984a),  and  Berg  and  Kempton  (1988).  The  procedure  for  determining  the 
nature  of  the  uppermost  5  feet  of  materials  began  by  grouping  the  soil  series  shown  on  U.S. 
Department  of  Agriculture  (USDA)  Soil  Conservation  Service  soil  survey  maps  into  soil  parent 
material  groups.  These  groups  were  differentiated  according  to  composition  and  geomorphic 
position  on  the  landscape.  Parent  material  groups  were  then  color  coded  and  assigned  a  preliminary 
stack-unit  symbol.  This  information  was  transferred  to  the  Woodstock  7.5-minute  quadrangle.  The 
complexity  of  stack-unit  maps  is  in  large  part  a  reflection  of  these  original  soil-parent  material 
groupings. 

Materials  below  the  5-foot  limit  of  soil  surveying  were  determined  by  examining  logs  of  water  wells 
and  other  borings  available  for  the  study  area.  All  of  these  data  were  plotted  on  the  quadrangle. 
Cross  sections  and  isopach  maps  were  constructed  to  illustrate  the  thickness  and  continuity  of 
subsurface  geologic  units  (particularly  aquifers). 

Construction  of  the  Stack-Unit  Map 

A  stack-unit  map  to  a  depth  of  100  feet  was  constructed  specifically  for  this  study  (plate  1).  The 
100-foot  depth  limit  was  selected  because  a  large  part  of  the  Woodstock  Quadrangle  is  known  to 
have  thick  deposits  of  sand  and  gravel  at  or  near  the  land  surface.  Therefore,  the  potential  is  high 
that  many  land-use  activities  (e.g.,  landfilling  of  wastes  in  50-foot  trenches)  could  adversely  affect 
these  and  deeper  aquifer  systems.  It  was  not  feasible  to  construct  a  stack-unit  map  extending  to 
the  bedrock  surface  because  the  map  would  be  too  complex  and  difficult  to  interpret. 

Several  mapping  conventions  were  followed  in  preparing  the  stack-unit  map  for  the  Woodstock 
Quadrangle. 

1 .  Only  geologic  units  2  feet  thick  or  more  were  mapped. 

2.  Lower  case  letters,  upper  case  letters,  and  underlined  upper  case  letters  were  used  to  indicate 
the  thickness  of  the  geologic  materials  within  the  mapped  area.  Symbols  on  the  stack-unit  map 
were  abbreviated  from  those  shown  on  cross  sections  so  that  they  would  fit  within  the  stack-unit 
map  polygons.  The  scheme  is  as  follows. 

•  Lower  case  letters,  such  as  a,  g,  h,  and  y,  indicate  the  material  is  less  than  20  feet  thick. 

•  Upper  case  letters,  such  as  A,  G,  H,  and  Y,  indicate  the  material  is  between  20  and  50  feet  thick. 

•  Upper  case  letters  with  underlining,  such  as  A,  G,  id,  and  Y,  indicate  the  material  is  more  than 
50  feet  thick. 

3.  Parentheses  added  to  a  stack-unit  symbol  indicate  that  the  material  either  is  discontinuous  or  it 
is  not  uniformly  of  a  particular  thickness.  The  following  conventions  were  used. 

•  Parentheses  around  lower  case  letters  (y)  indicate  the  material  is  discontinuous  within  its 
mapped  area. 

•  Parentheses  around  upper  case  letters  (Y)  indicate  the  material  is  generally  between  20  and 
50  feet  thick,  but  it  may  be  less  than  20  feet  thick  (never  absent)  over  part  of  its  mapped  area. 

•  Parentheses  around  underlined  upper  case  letters  (Y)  indicate  the  material  is  generally 
more  than  50  feet  thick,  but  it  may  be  less  than  50  feet  thick  (never  absent)  over  part  of  its 
mapped  area. 

The  utility  of  a  stack-unit  map  for  predicting  (with  a  reasonable  degree  of  confidence)  the  occurrence 
of  any  given  map  unit  depends  on  the  scale  of  the  map.  There  is  about  a  75%  probability  that 
geologic  units  mapped  within  any  given  stack-unit  succession  are  present.  This  figure  has  been 
calculated  on  the  basis  of  informal  comparisons  between  geologic  information  portrayed  at  a  scale 


of  1:24,000  to  1:62,500  with  known  occurrences  of  materials  from  borehole  data.  For  map  units 
marked  by  parentheses  representing  thicknesses  of  more  than  20  feet  and  more  than  50  feet,  it  is 
assumed  that  there  is  a  75%  probability  that  the  material  is  more  than  20  feet  thick  and  50  feet  thick, 
respectively. 

The  probability  that  units  depicted  will  actually  be  present  rises  as  the  number  of  materials  depicted 
in  a  stack  unit  decreases.  For  example,  the  map  is  most  accurate  in  areas  of  the  Woodstock 
Quadrangle  with  the  simplest  geology  (northeast,  east,  and  southeast  of  Woodstock),  where  thick 
deposits  of  sand  and  gravel  were  mapped.  The  stack  symbol  is  less  representative  of  the  geology 
in  places  where  materials  vary  in  thickness  because  of  erosion  or  where  multiple  units  are  mapped 
in  succession.  The  region  on  the  north  side  of  the  City  of  Woodstock  is  an  example  of  a  more 
complicated  geology.  Finally,  the  materials  depicted  within  the  boundaries  of  any  stack-unit  polygon 
are  most  likely  to  occur  in  the  central  portion  of  the  polygon.  Near  the  boundaries  of  stack-unit  map 
polygons,  materials  are  more  likely  to  pinch  out  or  to  undergo  a  facies  change  from  one  material  to 
another.  Boundaries  between  map  areas  containing  different  stacked  sequences  of  materials  were 
interpretively  drawn  from  existing  data  points.  Unless  better  information  was  available,  boundaries 
were  drawn  midway  between  two  points. 

GEOLOGIC  FRAMEWORK 

The  geologic  framework  of  the  Woodstock  Quadrangle  comprises  two  basic  types  of  materials: 
Ordovician  and  Silurian  dolomite  and  shale,  generally  referred  to  as  bedrock;  and  Quaternary 
sediments,  commonly  referred  to  as  overburden,  unconsolidated  materials,  or  drift  (fig.  4).  These 
predominantly  glacial  Quaternary  deposits  consist  of  many  components:  pebbly,  silty  clay  to  sandy 
loam  diamicton  (non-  to  poorly  sorted  sediment  that  contains  a  wide  range  of  particle  sizes) 
deposited  directly  by  glaciers  (till)  or  redeposited  in  the  ice-marginal  zone  (debris  flow  deposits); 
outwash,  mostly  sand  and  gravel  deposited  by  meltwater  rivers;  ice-contact  deposits,  primarily  sand 
and  gravel  deposited  in  contact  with  glacial  ice;  and  lacustrine  deposits,  predominantly  silt  and  clay 
that  settled  out  in  the  quiet  water  of  lakes  and  ponds. 

Quaternary  diamicton,  outwash,  and  ice-contact  deposits  are  the  most  common  materials  found  in 
the  Woodstock  Quadrangle  area.  Diamicton  units  of  the  Glasford  (lllinoian)  and  Wedron  (Wisconsi- 
nan)  Formations  are  further  differentiated  according  to  their  stratigraphic  position,  age,  grain-size 
characteristics,  and  clay-mineral  compositions.  Because  this  entire  quadrangle  area  is  charac- 
terized by  thick  drift,  several  diamicton  units  are  present,  in  addition  to  outwash,  ice-contact 
deposits,  and  lacustrine  materials.  Poorly  drained  surface  peats,  buried  paleosols  (soils  that  formed 
on  old  land  surfaces  that  now  are  buried),  and  postglacial  alluvium  (river  deposits)  also  are  present 
in  the  Woodstock  Quadrangle  area. 

Materials  at  the  Bedrock  Surface 

There  are  no  detailed  maps  of  the  geology  of  the  bedrock  surface  for  the  Woodstock  Quadrangle 
because  the  glacial  drift  is  very  thick  (generally  more  than  200  feet).  The  thick  glacial  drift  makes 
quarrying  of  aggregate  materials  economically  unfeasible  and  other  mineral  resources  (e.g.,  coal, 
oil,  and  natural  gas)  are  not  present.  Consequently,  data  from  the  mineral  resource  industry  is 
unavailable;  however,  regional  information  on  the  geology  of  the  bedrock  surface  is  sufficient  to 
meet  the  needs  of  this  study. 

The  bedrock  materials  underlying  unconsolidated  materials  consist  mostly  of  dolomite  of  the 
Silurian  Alexandrian  Series,  Kankakee  Formation  (Willman  et  al.  1975).  The  Kankakee  Formation 
is  characterized  by  greenish  to  pinkish  gray,  fine  to  medium  grained,  slightly  cherty,  dolomite. 

In  the  southeastern  part  of  the  quadrangle,  the  Ordovician  Maquoketa  Group,  Brainard  Formation 
may  be  present  at  the  bedrock  surface.  The  Brainard  Formation  generally  consists  of  shale  and 
lesser  amounts  of  dolomite.  In  parts  of  McHenry  County,  however,  the  Brainard  Formation  is  very 
dolomitic  (Kolata  and  Graese  1983).  Therefore,  it  is  difficult  to  differentiate  from  the  dolomitic 
formations  that  normally  overlie  and  underlie  it.  The  dolomite  of  the  Brainard  Formation  is  argil- 
laceous and  commonly  greenish  gray  to  dark  greenish  gray. 
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Figure  4    Diagrammatic  cross  section  showing  the  relationships  of  formations,  members,  and  facies  in 
the  Woodstock  Quadrangle. 


The  dolomite  of  the  Silurian  Kankakee  Formation  and  the  Ordovician  Brainard  Formation  are  generally 
dependable  sources  of  groundwater.  Fractures  and  bedding  planes  normally  provide  adequate 
groundwater  supplies  for  private  residences. 

Bedrock  Topography  and  Drift  Thickness 

The  topography  of  the  bedrock  surface  formed  during  the  interval  after  the  deposition  of  the  bedrock 
materials  and  before  its  burial  by  continental  glaciers  advancing  across  the  region.  Stream  erosion 
removed  much  of  the  succession  of  younger  rocks  that  once  overlaid  the  Silurian  and  Ordovician 
rocks  now  present  at  the  surface  of  the  bedrock  in  McHenry  County.  Further  erosive  action  by 
glaciers  and  glacial  meltwater  streams  continued  to  lower  the  surface  of  the  bedrock.  The  present 
topography  of  the  region  reflects  the  glacial  and  postglacial  depositional  and  erosional  history.  The 
thickness  of  glacial  materials  deposited,  the  amount  of  subsequent  erosion  of  these  materials,  and 
irregularities  in  the  bedrock  surface  are  the  primary  controls  on  the  total  thickness  of  drift.  Because 
of  these  factors,  the  bedrock  topography  map  (fig.  5)  is  considerably  less  complex  than  the  drift 
thickness  map  (fig.  6). 

The  bedrock  topography  map  (fig.  5)  shows  a  lowland  that  trends  toward  the  east-northeast  in  the 
southwestern  part  of  the  quadrangle.  North,  northwest,  and  west  of  this  lowland,  the  bedrock 
surface  is  relatively  flat,  but  it  slopes  gently  upward  away  from  the  valley.  Elevations  increase  slightly 
from  about  725  feet  to  more  than  775  feet  near  the  northwest  corner  of  the  quadrangle.  Near  the 
center  of  the  south  boundary  of  the  quadrangle  is  a  bedrock  high,  which  forms  a  narrow  ridge  with 
a  crest  above  750  feet  in  elevation.  Bedrock  surface  elevations  decrease  from  more  than  775  feet 
at  the  ridge  crest  to  less  than  725  feet  toward  the  southeast  and  southwest  corners  of  the 
quadrangle. 

Drift  is  thickest  in  the  west-central  part  of  the  quadrangle  at  the  highest  land  surface  elevation  points 
along  the  north-south-trending  Woodstock  Moraine  (fig.  6).  Here,  drift  thicknesses  of  more  than  250 
feet  are  common.  Drift  is  also  more  than  250  feet  thick  in  the  southeastern  part  of  the  quadrangle. 
Its  thickness  here  is  due  to  thick  deposits  of  sand  and  gravel  in  kames  as  well  as  bedrock  elevations 
generally  below  725  feet.  The  drift  is  about  200  to  250  feet  thick  east  and  southeast  of  Woodstock, 
where  ice  stagnation  created  kamic  topography.  The  thinnest  drift  occurs  in  the  north-central, 
east-central,  and  southwestern  parts  of  the  quadrangle,  where  less  than  150  feet  is  present.  No 
bedrock  is  shallower  than  a  depth  of  about  1 25  feet  (plate  1 ).  Through  the  remainder  of  the  quadrangle, 
the  drift  ranges  between  175  and  225  feet  thick. 

Surficial  Geology 

Cross  sections  extending  north  to  south,  west  to  east,  northwest  to  southeast,  and  southwest  to 
northeast  across  the  quadrangle  are  shown  in  figures  7,  8,  9,  and  10,  respectively.  Locations  of 
cross  sections  are  shown  on  figures  2  and  3,  with  the  distribution  of  the  data  points  used  to  construct 
the  cross  sections  and  to  make  the  stratigraphic  interpretations.  Isopach  maps  (figs.  1 1, 12, 13,  and 
14)  were  constructed  only  for  the  sand  units  because  of  our  emphasis  on  characterizing  aquifers. 
Discussion  of  the  thickness  of  diamicton  units  that  act  as  confining  beds  is  based  upon  observations 
from  the  cross  sections.  The  discussion  begins  with  the  lowermost  material  above  the  bedrock  and 
concludes  with  materials  on  the  surface.  The  material  units  here  are  in  some  cases  informal 
subdivisions  of  Quaternary  formations  and  members.  For  example,  the  Glasford  Formation  (llli- 
noian)  is  subdivided  into  sand  and  gravel  and  diamicton  units,  as  are  the  Tiskilwa,  Yorkville,  and 
Haeger  Members  of  the  Wedron  Formation  (Wisconsinan)  (fig.  4). 

Lowermost  sand  and  gravel  (Aquifer  4)  The  lowermost  sand  and  gravel  unit  (gu-o)  is  probably 
a  proglacial  fluvial  deposit  that  is  usually  in  contact  with  the  bedrock  surface.  It  covers  about  70% 
of  the  area  of  the  Woodstock  Quadrangle.  On  the  east  side  of  the  city,  it  is  underlain  by  an  older 
diamicton  (figs.  7,  8,  and  10).  The  older  diamicton  occurs  in  a  low  in  the  bedrock  surface,  but  a 
comparison  of  its  thickness  (fig.  1 1)  to  bedrock  topography  (fig.  5)  shows  no  apparent  relationship 
to  the  bedrock  lowland. 

For  this  investigation,  the  lowermost  sand  and  gravel  unit  is  referred  to  as  Aquifer  4;  it  is  indicated 
on  the  stack-unit  map  (plate  1)  as  a4.  The  isopach  map  (fig.  11)  shows  several  areas  where  it  is 
absent.  The  largest  area  (about  10  square  miles)  occurs  southeast  of  Woodstock.  The  thickest 
continuous  occurrence  of  this  unit  can  be  found  trending  west  to  east  and  south  to  north  through 
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the  center  of  the  quadrangle.  This  sand  and  gravel  channel-fill  deposit,  particularly  where  it  ranges 
from  30  to  60  feet  thick  on  the  north  side  of  Woodstock,  provides  the  primary  municipal  water  supply 
for  the  city.  Cross  sections  (figs.  7,  8,  9,  and  10)  show  that  this  unit  is  generally  confined.  It  may  be 
hydraulically  connected  with  Aquifer  3  on  the  north  side  of  the  city  of  Woodstock  (fig.  7). 

Pre-Wisconsinan  deposits  Above  Aquifer  4  is  a  diamicton  unit  (gu)  that  predates  the  last  glaciation 
(i.e.,  pre-Wisconsinan).  This  unit  is  indicated  on  the  stack-unit  map  (plate  1 )  as  x.  Very  little  is  known 
about  the  nature  of  this  unit  in  the  Woodstock  Quadrangle  or  in  McHenry  County.  According  to 
Wickham  et  al.  (1 988),  these  deposits  are  undifferentiated  older  tills  dating  from  early  Woodfordian 
to  lllinoian  or  pre-lllinoian.  Deposits  of  this  diamicton  unit  may  correlate  with  some  of  the  lllinoian 
Glasford  Formation  diamicton  members  in  Boone  and  Winnebago  Counties  to  the  west  (Berg  et  al. 
1 985).  The  Belvidere  Member,  for  example,  has  been  described  in  parts  of  southwestern  McHenry 
County. 

The  pre-Wisconsinan  diamicton  units  are  shown  to  be  thickest  (as  much  as  75  feet)  along  the 
northwest  to  southeast  cross  section  (fig.  9).  The  other  three  cross  sections  (figs.  7,  8,  and  1 0)  show 
the  units  to  be  between  25  and  50  feet  thick.  However,  along  the  southern  part  of  the  north  to  south 
cross  section  (fig.  7),  the  pre-Wisconsinan  diamicton  unit  is  absent.  Along  the  extreme  northern  part 
of  the  cross  section,  the  unit  is  generally  less  than  10  feet  thick.  The  unit  is  also  relatively  thin  and 
very  irregular  in  configuration  beneath  the  city  of  Woodstock.  This  thinning  and  irregularity  lead  to 
the  possible  hydraulic  connection  between  Aquifers  4  and  3. 

Sub-Tiskilwa  sand  and  gravel  (Aquifer  3)  Aquifer  3  (wt-o)  is  found  above  pre-Wisconsinan  depos- 
its and  below  diamicton  of  the  Tiskilwa  Member  of  the  Wedron  Formation  (wt).  It  is  shown  on  the 
stack-unit  map  (plate  1)  as  a3  and  its  formal  name  is  the  Ashmore  Member.  The  distribution  of  this 
deposit  was  noted  by  Wickham  et  al.  (1988).  They  said  it  occurs  as  a  10-  to  40-foot-thick  outwash 
sand  or  sand  and  gravel  that  was  found  locally  throughout  their  study  area,  which  extended  about 
50  miles  from  the  Wisconsin  state  line  southward  to  Kendall  County,  Illinois. 

Aquifer  3  (fig.  12)  is  absent  in  several  areas  of  the  Woodstock  Quadrangle.  A  large  area  where  it  is 
absent  (about  20  square  miles)  covers  most  of  the  northeastern  part  of  the  quadrangle.  The  thickest 
deposits  (more  than  100  feet)  of  the  sand  and  gravel  of  Aquifer  3  (fig.  12)  are  in  the  northwestern 
part  of  the  quadrangle  beneath  the  city  (30-50  feet),  and  also  in  the  southwestern  and  southeastern 
corners  of  the  quadrangle  (30-50  feet).  The  first  area  shows  a  southwest-northeast-trending  deposit 
that  potentially  is  hydraulically  connected  to  the  thick  deposits  of  Aquifer  1  (wh-o)  in  the  north-central 
part  of  the  quadrangle.  Unpublished  studies  by  the  ISWS  strongly  indicate  that  the  two  aquifers  are 
connected  in  this  region.  The  second  area  trends  northwest  to  southeast  as  a  channel-like  deposit 
from  Woodstock.  Figure  10  shows  Aquifer  3  (wt-o)  is  contiguous  with  Aquifer  4  (gu-o)  in  the 
southwestern  part  of  the  quadrangle.  The  isopach  map  (fig.  12)  treats  these  two  aquifers  as  one. 
The  thick  deposits  of  this  unit  beneath  Woodstock,  as  well  as  its  possible  hydraulic  connection  to 
Aquifer  4,  possibly  explain  the  plentiful  groundwater  resources  available  to  Woodstock. 

Robein  Silt     The  Farmdale  Soil  that  developed  in  the  Robein  Silt  consists  of  organic  zones  and  _i 

buried  soil  profiles  that  occur  beneath  the  Tiskilwa  diamicton  and  above  the  sand  and  gravel  units  ^  ^  • 

of  Aquifers  3  or  4,  or  above  pre-Wisconsinan  diamicton  units  (Willman  and  Frye  1 970).  This  deposit,  rr  at 

rich  in  organic  silt,  is  found  in  the  subsurface  through  much  of  Illinois.  It  has  been  dated  from  about  q  < 

23,000  to  more  than  50,000  radiocarbon  years  BP  throughout  northern  Illinois  (Curry  and  Krumm  -J  §        ^ 

1986).  The  material  is  shown  on  the  stack-unit  map  (plate  1)  as  rand  on  the  cross  sections  as  ro.  2  -1        ® 

The  unit  was  described  in  numerous  logs  from  borings  for  water  resource  exploration  for  Wood-  ^  ui  O 

stock.  The  Robein  Silt  is  depicted  on  all  four  cross  sections  (figs.  7,8,  9,  and  10)  as  an  organic  layer  q  ^  &■ 

that  is  5  to  7  feet  thick  and  beneath  the  Tiskilwa  Till  Member.  The  north  to  south  cross  section  (fig.  7)  z  3  ^ 

indicates  that  the  Robein  Silt  occurs  on  a  sloping  surface.  Zj  "* 

Tiskilwa  Till  Member  (Tiskilwa  diamicton)  Diamicton  of  the  Tiskilwa  Till  Member  of  the  Wedron 
Formation  (wt)  is  one  of  the  most  widespread  diamicton  units  in  Illinois.  Shown  on  the  stack-unit 
map  (plate  1 )  as  t,  it  is  the  thickest  diamicton  unit  in  Illinois  (Wickham  et  al.  1 988).  Tiskilwa  diamicton 
has  a  very  distinctive  reddish  brown  color,  a  loamy  texture  (approximately  equal  parts  of  sand,  silt, 
and  clay),  and  a  clay  mineral  composition  that  sharply  contrasts  with  that  of  overlying,  younger  units. 
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Figure  5    Bedrock  topography  map. 
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Figure  6    Drift  thickness  map. 
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Figure  7    North  to  south  cross  section. 
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Figure  9    Northwest  to  southeast  cross  section. 
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ag  Accretion  gley:  poorly  drained,  possibly  laminated,  fine  grained  deposits  in  depressions 

c  Cahokia  Alluvium:  stream  deposits  consisting  of  a  mixture  of  sand,  silt,  and  clay 

gl  Grayslake  Peat:  peat  and  muck  with  possible  interbedded  clay  and  silt  that  formed  in  swampy  depressions 

ec  Equality  Formation,  Carmi  Member:  bedded  fine  grained  lacustrine  deposits  with  some  sand 

ed  Equality  Formation,  Dolton  Member:  mainly  sand  with  beds  of  silt  and  gravel 

hb      Henry  Formation,  Batavia  Member:  sand  and  gravel  occurring  as  an  upland  unit  deposited  mostly  along  the  fronts 
of  moraines 

hw      Henry  Formation,  Wasco  Member:  ice-contact  sand  and  gravel  deposits  in  kames 

wh      Wedron  Formation,  Haeger  Till  Member:  sandy  loam  to  loam  diamicton  that  averages  10  to  15  feet  thick  and  is 
typically  yellowish  brown,  structureless,  and  friable 

wu      Wedron  Formation:  undifferentiated  diamicton 

wh-o      Wedron  Formation,  Haeger  Till  Member,  sand  and  gravel  facies:  surface  or  near  surface  proglacial  outwash 
deposits,  20  to  120  feet  thick,  from  ice  advances  that  deposited  several  diamicton  units,  but  mostly  the  Haeger 
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Figure  8    West  to  east  cross  section. 
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Figure  10    Southwest  to  northeast  cross  section. 


wy      Wedron  Formation,  Yorkville  Till  Member:  gray  silty  to  silty  clay  diamicton,  which  is  often  texturally  variable 

wy-o      Wedron  Formation,  Yorkville  Till  Member,  sand  and  gravel  facies:  proglacial  outwash  sand  and  gravel  between 
5  and  50  feet  thick 

wt      Wedron  Formation,  Tiskilwa  Till  Member:  pink  loamy  diamicton,  often  more  than  150  feet  thick 

wt-o      Wedron  Formation,  Tiskilwa  Till  Member,  sand  and  gravel  facies  (Ashmore  Member):  proglacial  sand  and  gravel 
20  to  100  feet  thick 

ro  Robein  Silt:  organic-rich,  accretionary  silt 

gu  Glasford  Formation:  undifferentiated  diamictons 

gu-o  Glasford  Formation:  undifferentiated,  proglacial  sand  and  gravel  overlying  bedrock 

z  Undifferentiated  sand  and  gravel  within  a  member;  only  occurs  within  Tiskilwa 

I  Fine  grained  lacustrine  materials  within  or  between  diamictons 
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Figure  1 1    Isopach  map  of  Aquifer  4. 
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Figure  12  Isopach  map  of  Aquifer  3. 
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Although  no  samples  of  Tiskilwa  diamicton  were  analyzed  for  this  study,  numerous  subsurface  and 
outcrop  samples  have  been  studied  elsewhere  for  their  textural  and  clay-mineral  compositions. 
Wickham  et  al.  (1988)  present  the  most  recent  and  comprehensive  study  on  the  Tiskilwa  diamicton 
unit.  The  mean  grain-size  distribution  from  141  samples  in  McHenry  County  is  37%  sand,  38%  silt, 
and  25%  clay  (sand  is  2  mm  to  0.062  mm;  silt  is  0.062  mm  to  0.004  mm;  clay  is  <0.004  mm).  The 
clay-mineral  composition  of  the  <0.004  mm  fraction  is  diagnostic  because  of  the  large  percentage 
of  illite.  For  167  samples  analyzed  from  McHenry  County,  the  average  clay-mineral  composition  is 
12%  expandables,  66%  illite,  and  22%  chlorite  plus  kaolinite. 

Cross  sections  (figs.  7,  8,  9,  and  10)  show  that  the  Tiskilwa  diamicton  unit  is  the  thickest  glacial 
deposit  mapped  on  the  Woodstock  Quadrangle.  Along  a  morainal  ridge  on  the  southwest  side  of 
the  quadrangle,  the  unit  is  more  than  1 50  feet  thick.  It  becomes  thinner,  however,  toward  the  center 
of  the  quadrangle,  where  it  is  less  than  25  feet  thick  beneath  Woodstock.  East  and  southeast  of 
Woodstock,  the  Tiskilwa  diamicton  unit  is  generally  between  25  and  75  feet  thick.  Along  the 
southern  part  of  the  north  to  south  cross  section  (fig.  7),  the  Tiskilwa  diamicton  unit  is  more  than 
150  feet  thick.  In  this  area,  numerous  discontinuous  sand  and  gravel  layers  occur  within  the  unit, 
and  it  appears  that  the  Tiskilwa  diamicton  unit  is  in  direct  contact  with  bedrock.  North  and  northeast 
of  Woodstock,  the  Tiskilwa  diamicton  unit  pinches  out.  This  pinch-out  agrees  with  the  cross  section 
data  from  Wickham  et  al.  (1988).  The  absence  of  the  Tiskilwa  diamicton  unit  directly  north  of 
Woodstock  may  result  in  the  hydraulic  connection  between  Aquifer  3  (wt-o)  and  Aquifers  2  (wy-o) 
and  1  (wh-o). 

Sub-Yorkville  sand  and  gravel  (Aquifer  2)  Above  the  Tiskilwa  diamicton  unit  and  below  the 
diamicton  unit  of  the  Yorkville  Till  Member  is  a  sand  and  gravel  unit  referred  to  as  Aquifer  2  (wy-o). 
It  is  interpreted  to  be  a  proglacial  outwash.  The  material  is  shown  on  the  stack-unit  map  (plate  1) 
as  a2.  The  isopach  map  (fig.  13)  shows  that  this  unit  is  absent  in  about  40%  of  the  area.  Its 
distribution,  for  purposes  of  this  mapping,  is  related  to  the  presence  of  the  overlying  Yorkville 
diamicton  unit  (wy).  Elsewhere,  it  is  combined  with  an  overlying  sand  and  gravel,  wh-o  (Aquifer  1). 
For  example,  all  cross  sections  (figs.  7,  8,  9,  and  10)  show  the  overlying  Yorkville  diamicton  unit 
pinching  out  toward  the  north.  The  best  example  is  the  southwest  to  northeast  cross  section  (fig. 
10),  which  shows  the  Yorkville  diamicton  unit  pinching  out  about  4  miles  northeast  of  Woodstock. 
Underlying  the  Yorkville  diamicton  unit  between  its  termination  point  and  Woodstock  is  Aquifer  2,  a 
sand  and  gravel  unit  that  may  extend  to  the  northeast  beyond  the  Yorkville  diamicton.  The  data  are 
insufficient,  however,  to  substantiate  whether  the  proglacial  sand  and  gravel  found  here  is  related 
to  the  ice  event  that  deposited  the  Yorkville  unit.  Because  the  units  are  indistinguishable  using 
available  data,  Aquifer  2  was  mapped  as  Aquifer  1  beyond  the  boundary  of  the  Yorkville  diamicton. 
This  measure  also  facilitated  groundwater  modeling  by  the  ISWS.  Aquifer  2  is  hydraulically  connected 
at  numerous  locales  with  Aquifer  1 . 

Aquifer  2  occurs  directly  beneath  the  diamicton  unit  of  the  Haeger  Till  Member,  and  it  is  absent 
where  (1)  the  overlying  Yorkville  diamicton  unit  is  absent,  and  (2)  the  Tiskilwa  diamicton  unit  is  at 
the  land  surface.  This  can  be  seen  along  the  western  parts  of  the  west  to  east,  northwest  to 
southeast,  and  southwest  to  northeast  cross  sections  (figs.  8,  9,  and  10),  as  well  as  on  the  isopach 
map  of  Aquifer  2  (fig.  13),  as  isolated  patches  outlined  by  the  zero  contour  line.  The  thinnest  and 
most  continuous  occurrence  of  Aquifer  2  can  be  seen  along  about  a  5-mile  length  of  the  southwest 
to  northeast  cross  section  (fig.  10),  where  the  aquifer  consistently  occurs  between  the  Tiskilwa  and 
the  Yorkville  diamicton  units  at  a  5-  to  10-foot  thickness.  The  thickest  deposits  of  sand  and  gravel 
of  Aquifer  2  occur  in  the  east-central  and  northeastern  parts  of  its  distribution  area.  Here,  thick- 
nesses of  more  than  50  feet  occur  in  small  areas. 

Yorkville  Till  Member  (Yorkville  diamicton)  The  diamicton  unit  of  the  Yorkville  Till  Member  (wy) 
consists  of  gray,  silty  clay  to  silty  clay  loam  diamicton  (Johnson  et  al.  1985).  It  is  shown  on  the 
stack-unit  map  as  y.  Sorted  sediment,  much  of  which  has  been  interpreted  as  quiet-water  lacustrine 
deposits,  is  often  associated  with  Yorkville  diamicton.  Some  Yorkville  diamicton,  however,  has  a 
pinkish  gray  to  brown  cast,  with  a  clay-mineral  composition  intermediate  between  that  of  typical 
Tiskilwa  and  typical  Yorkville  (Wickham  et  al.  1988).  The  Yorkville  diamicton  unit  often  contains  a 
textu rally  variable  clay  loam  diamicton  overlying  a  silty  clay  basal  diamicton.  Eighty-four  samples  of 
the  Yorkville  diamicton  unit  were  analyzed  by  Wickham  et  al.  (1 988);  they  had  an  average  grain-size 
distribution  of  15%  sand,  42%  silt,  and  43%  clay.  The  average  clay-mineral  composition  for  94 
samples  was  4%  expandables,  77%  illite,  and  19%  chlorite  plus  kaolinite. 
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Figure  13    Isopach  map  of  Aquifer  2. 
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Cross  sections  (figs.  7,  8,  9,  and  10)  show  that  the  Yorkville  diamicton  unit  is  consistently  between 
10  and  50  feet  thick.  Yorkville  diamicton  is  absent  throughout  the  northern  and  western  parts  of  the 
quadrangle.  It  is  thinnest  (about  10  feet)  beneath  the  northern  part  of  Woodstock.  It  is  the  surficial 
material  along  the  southern  part  of  the  north  to  south  cross  section  (plate  1,  fig.  7).  The  Yorkville 
diamicton  unit  is  a  confining  unit,  particularly  in  the  southern  and  western  parts  of  its  area  of 
distribution. 

Sub-Haeger  and/or  surficial  sand  and  gravel  (Aquifer  1)  Above  the  Yorkville  diamicton  unit 
and  either  below  the  Haeger  diamicton  unit  or  at  land  surface  is  a  sand  and  gravel  unit  referred  to 
as  Aquifer  1  (wh-o).  It  is  shown  on  the  stack-unit  map  (plate  1)  as  ai.  This  unit  is  the  thickest  sand 
and  gravel  mapped  on  the  Woodstock  Quadrangle. 

The  isopach  map  of  Aquifer  1  (fig.  14)  shows  that  the  aquifer  is  absent  throughout  the  western  and 
southern  parts  of  the  quadrangle.  In  these  areas,  the  Tiskilwa  or  Yorkville  diamicton  units  are  the 
surficial  materials.  In  the  remainder  of  the  quadrangle,  Aquifer  1  is  ubiquitous.  Going  from  west  to 
east  along  any  transect  across  the  quadrangle,  Aquifer  1  gradually  increases  from  less  than  20  feet 
thick  to  more  than  1 00  feet  thick. 

The  isopach  map  (fig.  14)  shows  two  locations  where  this  deposit  is  more  than  120  feet  thick.  East 
and  southeast  of  Woodstock,  thick  deposits  of  sand  and  gravel,  some  beneath  Haeger  diamicton 
and  others  at  land  surface,  form  a  topographic  high  on  the  landscape.  Some  of  these  deposits  may 
be  ice-contact  kames.  It  is  difficult  to  distinguish,  however,  which  part  of  the  deposit  is  kamic  and 
which  is  merely  a  thick  deposit  of  proglacial  Haeger  outwash.  North  and  northeast  of  Woodstock, 
the  land  surface  topography  is  relatively  flat,  but  the  underlying  sands  and  gravels  of  Aquifer  1  are 
very  thick.  These  deposits  do  not  appear  to  be  ice-contact  in  origin,  but  rather  thick  proglacial 
outwash  deposits  possibly  from  ice  advances  that  deposited  several  of  the  diamicton  units  mapped 
on  the  quadrangle. 

Undifferentiated  Wedron  Formation  Within  Aquifer  1  north  of  Woodstock  and  at  a  depth  of  about 
50  feet  (figs.  7  and  9)  is  a  discontinuous  deposit  mapped  as  an  undifferentiated  diamicton  of  the 
Wedron  Formation  (wu).  The  material  is  shown  on  the  stack-unit  map  (plate  1)  as  wu.  This  unit  was 
described  on  logs  of  numerous  water  well  borings.  The  origin  of  the  material  is  unknown,  but  it  is 
probably  redeposited  Haeger  or  Yorkville  diamicton.  It  is  not  considered  a  significant  confining  unit 
because  it  appears  to  be  discontinuous. 

Haeger  Till  Member  (Haeger  diamicton)  The  diamicton  unit  of  the  Haeger  Till  Member  (wh)  is 
the  youngest  diamicton  unit  on  the  Woodstock  Quadrangle.  The  material  is  shown  on  the  stack-unit 
map  (plate  1)  as  h.  It  is  a  sandy  loam  to  loam  diamicton  that  averages  only  10  to  15  feet  thick 
throughout  its  distribution  area  in  northeastern  Illinois  (Wickham  et  al.  1988,  Johnson  et  al.  1985). 
It  is  typically  a  yellowish  brown,  structureless,  and  friable  diamicton  that  is  highly  variable  in  texture 
and  clay  mineralogy.  It  was  described  by  Johnson  et  al.  (1 985)  as  overlying  an  associated  sand  and 
gravel  unit.  The  lower  sand  and  gravel  unit  is  equivalent  to  Aquifer  1  in  this  study.  Two  outcrops  of 
Haeger  diamicton  were  described  by  Odom  and  Weiss  (1970)  in  the  vicinity  of  Woodstock;  one 
3  1  /2  miles  northwest  of  Woodstock,  the  other  21/2  miles  southeast  of  Woodstock.  It  was  described 
as  having  more  than  30%  gravel. 

The  average  grain  size  of  Haeger  diamicton,  determined  from  32  samples  analyzed  by  Wickham  et 
al.  (1988),  was  45%  sand,  39%  silt,  and  16%  clay.  The  average  clay-mineral  composition, 
determined  from  35  samples,  was  21%  expandables,  62%  illite,  and  17%  chlorite  plus  kaolinite.  In 
places,  however,  Haeger  diamicton  can  be  sandier  (particularly  in  the  northern  parts  of  its  distribu- 
tion, which  includes  the  Woodstock  Quadrangle).  Willman  and  Fyre  (1970)  sampled  the  unit  and 
found  it  to  contain  an  average  of  53%  sand. 

The  surficial  distribution  of  the  Haeger  diamicton  unit  is  shown  on  the  stack-unit  map  for  the 
quadrangle.  It  is  the  surficial  diamicton  in  the  Woodstock  Moraine  and  is  absent  through  much  of 
the  western  and  southern  parts  of  the  map  beyond  the  margin  of  the  moraine.  In  these  parts,  the 
Yorkville  and  Tiskilwa  diamicton  units  are  the  surficial  diamicton  units.  All  four  cross  sections  (figs. 
7,  8,  9,  and  10)  show  the  Haeger  diamicton  unit  to  be  a  little  thicker  on  this  quadrangle  than 
described  by  Wickham  et  al.  (1 988)  for  the  entire  region.  Average  thickness  of  Haeger  diamicton  is 
about  20  feet.  The  thickest  deposits  of  about  40  feet  occur  just  northeast  of  Woodstock. 
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Figure  14    Isopach  map  of  Aquifer  1 . 
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Henry  Formation  sand  and  gravel  Sand  and  gravel  of  the  Wasco  Member  of  the  Henry  Forma- 
tion (hw)  occurs  only  in  small  isolated  areas  in  the  southwestern  part  of  the  quadrangle.  It  is  shown 
on  the  stack-unit  map  (plate  1)  as  w.  The  Wasco  Member  consists  of  ice-contact  sand  and  gravel 
deposits  that  occur  in  kames  or  comprise  a  kamic  moraine  (Willman  and  Frye  1 970).  The  thick  sand 
and  gravel  unit  east  and  southeast  of  Woodstock  could  be  primarily  ice-contact  deposits.  Although, 
as  mentioned  above,  it  was  not  possible  to  confirm  that  with  available  data. 

Sand  and  gravel  deposits  of  the  Batavia  Member  of  the  Henry  Formation  (hb)  occur  west  and 
southwest  of  Woodstock,  and  along  the  southwest  border  of  the  quadrangle.  The  material  is  shown 
on  the  stack-unit  map  (plate  1)  as  b.  The  Batavia  is  an  upland  unit  deposited  mostly  in  aprons  or  in 
coalesced  fans  along  the  fronts  of  moraines  during  the  Wisconsinan  (Willman  and  Fyre  1970  ).  On 
the  Woodstock  Quadrangle,  this  deposit  is  along  the  front  of  the  moraine  consisting  primarily  of 
Tiskilwa  diamicton. 

Equality  Formation  The  Dolton  Member  of  the  Equality  Formation  (ed)  consists  mainly  of  sand 
that  contains  beds  of  silt  and  gravel  (Willman  and  Frye  1970).  The  unit  is  shown  on  the  stack-unit 
map  (plate  1 )  as  d;  it  occurs  in  the  center  of  the  map  along  the  south  border  of  the  quadrangle.  Here 
is  what  appears  to  be  a  collapse  feature  characterized  by  an  elliptical-shaped,  sandy,  outer  ring  with 
the  finer  grained  Carmi  Member  in  the  middle.  It  is  mapped  as  less  than  20  feet  thick. 

The  Carmi  Member  of  the  Equality  Formation  (ec)  consists  of  bedded,  fine  grained,  lacustrine 
deposits  containing  some  sand  lenses  (Willman  and  Frye  1970).  It  is  shown  on  the  stack-unit  map 
as  e,  and  it  occurs  in  several  low-lying  areas,  the  largest  being  northwest  and  northeast  of 
Woodstock.  It  is  mapped  as  being  less  than  20  feet  thick. 

Grayslake  Peat  Grayslake  Peat  (gl)  consists  of  peat  and  muck,  and  may  contain  interbedded 
clay  and  silt  (Willman  and  Frye  1970).  The  deposit  formed  in  swampy  depressions  and  is  less  than 
20  feet  thick.  Shown  on  the  stack-unit  map  as  p,  it  occurs  in  several  low-lying  areas  on  the 
Woodstock  Quadrangle,  the  largest  being  1  mile  northwest  of  Woodstock  and  due  east  of  Wood- 
stock along  the  east  border  of  the  quadrangle. 

Cahokia  Alluvium  Cahokia  Alluvium  (c)  consists  of  stream  deposits  that  may  be  late  glacial  or 
postglacial  (Willman  and  Frye  1970).  The  unit  consists  predominantly  of  stratified  sand,  silt,  and 
clay.  It  is  shown  on  the  stack-unit  map  as  c  and  found  primarily  in  small  stream  channels  on  the 
west  edge  of  the  Woodstock  Quadrangle. 

Accretion  gley  Accretion  gley  (ag)  develops  in  small  depressions  on  the  landscape.  It  is  charac- 
terized by  poorly  drained  soils  that  are  not  wet  enough  for  peats  to  form.  The  material  is  shown  on 
the  stack-unit  map  as  g.  Numerous  small  areas  of  accretion  gley  are  found  in  the  quadrangle  area. 

CONTAMINATION  POTENTIAL  (AQUIFER  SENSITIVITY)  MAPPING 

Materials  shown  on  the  stack-unit  map  (plate  1)  were  rated  (using  the  methods  explained  in  Berg 
et  al.  1984a,  b)  according  to  their  capacity  to  protect  aquifers  from  potential  contamination  from 
surface  sources.  The  hydraulic  properties  of  materials  and  the  thickness  of  fine  grained  materials 
overlying  aquifers  were  important  factors  for  this  evaluation.  Contamination  potential  mapping  is 
based  on  a  simple  principle:  an  aquifer  is  less  likely  to  become  contaminated  as  the  sequence  of 
fine  grained  deposits  over  the  aquifer  becomes  thicker.  It  was  also  assumed  that  the  rate  of  travel 
of  groundwater  or  a  contaminant  through  a  material  will  be  slower  as  the  grain  size  of  a  diamicton 
or  lacustrine  unit  becomes  finer.  For  example,  the  sandy  loam  Haeger  diamicton  unit  can  be 
expected  to  have  hydraulic  conductivities  that  range  from  1x  10"5  to  1x  10"7  cm/s,  whereas  the  loam 
to  silty  clay  Tiskilwa  and  Yorkville  diamicton  units  can  be  expected  to  have  hydraulic  conductivities 
that  range  from  1  x  10"7  to  1  x  10"9  cm/s  (Berg  et  al.  1984b). 

A  contamination  potential  map  for  the  Woodstock  Quadrangle  is  shown  in  figure  1 5.  Contamination 
potential  ratings  of  the  map  units  are  based  upon  depth  to  the  shallowest  aquifer  and  hydraulic 
properties  of  confining  beds.  The  units  are  described  as  follows. 
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Map  Unit  A:  High  Potential  for  Contamination 

The  highest  potential  for  contamination  exists  in  areas  where  sand  and  gravel  (commonly  more  than 
50  feet  thick)  is  within  20  feet  of  the  land  surface.  These  areas  constitute  about  50%  of  the  area  of 
the  quadrangle,  including  almost  all  areas  where  Aquifer  1  is  at  or  near  the  land  surface.  Therefore, 
the  entire  eastern  part  of  the  quadrangle,  including  most  of  the  city,  lies  within  this  map  unit.  In  these 
areas,  contaminants  can  be  easily  and  quickly  transmitted  through  the  surficial  deposits  to  nearby 
wells  finished  in  the  deposit,  or  they  can  be  discharged  directly  into  streams.  As  shown  in  the  cross 
sections,  Aquifer  1  is  directly  connected  to  underlying  aquifers.  Because  the  extent  of  the  connec- 
tion is  unknown,  conservative  land-use  practices  should  be  employed  in  areas  designated  as  map 
unit  A. 

Map  Unit  B:  Moderately  High  Potential  for  Contamination 

Areas  where  sand  and  gravel  (commonly  less  than  20  feet  thick)  is  at  the  land  surface  have  a 
moderately  high  potential  for  contamination  and  are  designated  as  map  unit  B.  These  areas  occur 
mainly  along  the  west  border  of  the  quadrangle  where  sand  and  gravel  of  the  Henry  Formation 
overlies  the  Tiskilwa  diamicton  unit.  The  only  other  areas  are  in  the  southeast  corner  of  the 
quadrangle  where  the  sand  of  the  Dolton  Member  of  the  Equality  Formation  overlies  the  Yorkville 
diamicton  unit.  Although  these  materials  are  probably  too  thin  to  be  considered  as  potential  sources 
for  a  significant  water  supply,  there  is  the  potential  for  migration  of  contaminants  from  these  deposits 
to  other  deposits  or  a  surface  water  body. 

Map  Unit  CM:  Moderately  High  Potential  for  Contamination 

Areas  where  sand  and  gravel  (commonly  more  than  50  feet  thick)  is  overlain  by  20  to  50  feet  of  fine 
grained  deposits,  including  Haeger  diamicton,  also  have  a  moderately  high  potential  for  contami- 
nation. This  map  unit,  labeled  C1,  is  prevalent  in  two  areas  of  the  quadrangle:  (1)  a  1 -square-mile 
area  adjacent  to  and  northwest  of  Woodstock,  and  (2)  a  1  -square-mile  area  just  east  and  northeast 
of  Woodstock.  In  addition,  two  other  smaller  areas  designated  as  C1  occur  in  the  northwestern  part 
of  the  quadrangle.  Potential  for  contamination  of  Aquifer  1  exists  because  the  overlying  Haeger 
diamicton  (wh)  is  sandy  and  has  relatively  high  hydraulic  conductivity.  A  little  more  protection  exists 
in  the  area  northwest  of  Woodstock  because  the  Haeger  diamicton  unit  is  overlain  in  at  least  a  part 
of  its  area  by  silt  and  clay  of  the  Equality  Formation. 

Map  Unit  C2:  Moderate  Potential  for  Contamination 

Areas  where  sand  and  gravel  (commonly  less  than  20  feet  thick)  is  overlain  by  20  to  50  feet  of  fine 
grained  diamicton  and/or  silt  and  clay  have  a  moderate  potential  for  contamination.  This  map  unit, 
C2,  covers  about  the  southern  one-quarter  of  the  quadrangle,  where  the  low-hydraulic  conductivity 
Yorkville  diamicton  unit  overlies  the  thin  (commonly  less  than  20  feet  thick)  sand  and  gravel  deposits 
of  Aquifer  2.  In  some  areas,  silt  and  clay  of  the  Equality  Formation,  Carmi  Member,  are  also  present 
and  overlie  Yorkville  diamicton.  Although  20  to  50  feet  of  fine  grained  materials  protect  the  aquifer 
from  potential  contamination,  this  thickness  is  not  considered  adequate  protection  from  most 
land-use  practices,  including  landfilling  of  wastes.  In  addition,  a  recent  study  in  Illinois  (Schock  et 
al.  1 992)  documented  the  presence  of  agricultural  chemicals  in  aquifers  and  suggested  that  aquifers 
within  50  feet  of  the  land  surface  are  the  most  vulnerable  to  potential  contamination. 

Map  Unit  D1:  Moderate  Potential  for  Contamination 

A  moderate  potential  for  contamination  exists  in  map  unit  D1 ,  which  includes  areas  where  sand  and 
gravel  is  overlain  by  50  to  100  feet  of  sandy  diamicton,  which  in  turn  is  overlain  in  some  areas  by 
silt  and  clay.  This  map  unit  is  not  present  on  figure  15  because  all  areas  underlain  by  an  aquifer  at 
depths  of  50  to  100  feet  are  also  underlain  by  shallower  aquifers;  such  areas  are  rated  higher  for 
potential  contamination.  This  category  is  useful,  however,  because  aquifers  50  to  100  feet  below 
land  surface  (and  not  overlain  by  shallower  aquifers)  are  quite  common  elsewhere  in  McHenry 
County  and  in  other  parts  of  Illinois,  and  this  rating  scheme  is  designed  to  apply  to  other  areas. 

The  contamination  potential  of  such  areas  is  still  considered  to  be  moderate  because  diamicton 
units  with  relatively  high  permeability  overlie  the  aquifer  (which  can  be  as  shallow  as  50  feet  from 
land  surface).  Areas  included  in  map  unit  D1  are  not  appropriate  for  disposal  of  hazardous  wastes 
or  siting  a  municipal  landfill. 
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Figure  15    Aquifer  contamination  potential  map  for  the  Woodstock 
Quadrangle. 
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Map  Unit  D2:  Moderately  Low  Potential  for  Contamination 

Map  unit  D2  includes  areas  with  a  moderately  low  potential  for  contamination.  These  are  areas 
where  sand  and  gravel  is  overlain  by  50  to  100  feet  of  fine  grained  diamicton  and/or  silt  and  clay. 
This  map  unit  also  does  not  occur  in  the  Woodstock  Quadrangle.  Although  the  contamination 
potential  for  aquifers  is  considered  relatively  low  because  fine  grained  materials  separate  the 
aquifer  from  land  surface,  aquifers  can  be  as  shallow  as  50  feet  from  land  surface.  Areas  designated 
as  map  unit  D2  are  inappropriate  for  disposal  of  hazardous  wastes.  Disposal  of  municipal  wastes 
may  be  acceptable  if  the  aquifer  is  located  close  to  the  1 00-foot  depth.  Such  facilities  should  always 
be  designed  and  constructed  to  minimize  the  potential  for  groundwater  contamination. 

Map  Unit  E:  Low  Potential  for  Contamination 

The  lowest  potential  for  contamination  exists  in  areas  where  at  least  100  feet  of  fine  grained 
diamicton  and/or  silt  and  clay  extend  downward  from  land  surface.  This  map  unit,  E,  occurs  along 
the  west  edge  of  the  quadrangle  where  a  moraine  consists  of  the  Tiskilwa  diamicton  unit  (wt).  It  also 
occurs  in  several  small  areas  south  of  Woodstock  where  the  Haeger  (wh)  and  Yorkville  (wy) 
diamicton  units  are  eroded  and  the  Tiskilwa  diamicton  unit  (wt)  is  the  surficial  unit.  The  potential  for 
contamination  of  aquifers  is  considered  to  be  low  primarily  because  the  aquifers  are  buried  by  as 
much  as  150  feet  of  diamicton  through  much  of  the  area.  Such  areas  may  by  suitable  for  land 
disposal  of  wastes;  however,  waste-disposal  facilities  should  always  be  designed  and  constructed 
to  minimize  the  potential  for  groundwater  contamination.  These  regions  often  have  poor  drainage, 
and  contaminants  could  travel  to  streams,  ponds,  and  lakes  via  surface  water. 

SUMMARY  AND  CONCLUSIONS 

Protecting  groundwater  resources  from  potential  contamination  requires  knowledge  of  the  location 
of  aquifers,  the  extent  to  which  they  are  connected,  and  the  degree  to  which  they  are  protected  from 
contamination  by  overlying  units  of  fine  grained  diamicton.  Four  basic  steps  were  necessary  to 
delineate  the  aquifers  and  define  the  geology  of  the  Woodstock  area  for  this  case  study:  (1) 
establish  a  geologic  database,  (2)  identify  and  characterize  geologic  materials,  (3)  map  the 
distribution  and  depth  of  geologic  materials,  and  (4)  construct  a  contamination  potential  map.  The 
generalized  methods  described  in  this  report  provide  communities,  counties,  and  private  consult- 
ants with  a  model  for  conducting  the  geologic  aspects  of  a  groundwater  protection  needs  assess- 
ment in  any  area.  An  effective  planning  tool  for  protecting  groundwater,  GPNAs  go  well  beyond  the 
level  of  protection  provided  by  the  statewide  application  of  minimum  wellhead  setback  zones. 

An  entire  topographic  quadrangle  was  selected  for  the  study  area.  The  complex  subsurface 
distribution  of  diamicton  units  and  sand  and  gravel  aquifers  required  that  a  large  study  area  be 
mapped  to  determine  the  geographic  extent  of  materials  beyond  the  urban  area  of  Woodstock.  It 
was  also  essential  to  establish  a  more  regional  geologic  framework  and  delineation  of  aquifers.  This 
was  necessary  to  provide  the  basis  for  the  ISWS  to  realistically  interpret  hydraulic  communication 
among  aquifers,  identify  recharge  areas,  and  determine  water  well  capture  zone  and  groundwater 
flow  directions  and  rates.  Finally,  it  was  necessary  to  define  the  extent  of  aquifer  protection  by 
overlying  fine  grained  deposits.  This  study  provides  an  example  of  the  necessary  study  area  size 
to  conduct  a  thorough  GPNA  for  a  given  community.  In  areas  of  less  geologic  complexity,  the  size 
of  the  study  area  for  a  GPNA  might  be  reduced.  In  areas  dominated  by  thick  deposits  of  sand  and 
gravel  or  by  fractured  carbonate  rocks,  however,  a  larger  area  may  be  warranted. 

Existing  data  are  not  as  plentiful  for  most  regions  of  Illinois  as  they  are  for  the  Woodstock  study 
area.  At  present,  it  would  not  be  feasible  for  the  ISGS  to  conduct  a  GPNA  for  all  municipalities  that 
request  one  because  the  resources  and  scientific  expertise  are  not  sufficient  for  conducting 
investigations  as  detailed  as  that  undertaken  for  the  Woodstock  Quadrangle.  Fortunately,  most 
communities  can  accomplish  the  basic  elements  of  geologic  characterization  presented  in  this 
report  (i.e.,  establish  a  database,  construct  geologic  maps,  and  assess  contamination  potential)  at 
a  reasonable  cost. 

In  addition  to  providing  a  methodological  approach  for  conducting  the  geologic  aspects  of  a  GPNA, 
this  study  also  provides  some  specific  conclusions  concerning  the  GNPA  for  Woodstock.  A  complex 
succession  of  postglacial  and  glacial  deposits  overlying  Silurian  and  Ordovician  bedrock  charac- 
terizes the  Woodstock  Quadrangle.  Repeated  ice  advances  resulted  in  multiple  diamicton  units  that 
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interfinger  with  thick  proglacial  sand  and  gravel  deposits.  Three-dimensional  mapping  of  the  glacial 
deposits  and  separation  of  materials  according  to  grain  size  provides  the  informational  framework 
necessary  to  determine  the  vulnerability  of  aquifers  to  potential  contamination.  Mapping  shows  thick 
surficial  sand  and  gravel  aquifers  north  and  east  of  the  City  of  Woodstock,  whereas  thin  sand  and 
gravel  aquifers  occur  mainly  south  of  Woodstock.  The  thickest  deposits  of  fine  grained  diamicton  at 
land  surface  occur  west  of  Woodstock.  Aquifers  within  the  former  regions  are  highly  vulnerable  to 
contamination,  whereas  those  beneath  thick  diamictons  within  the  latter  region  have  a  low  vulner- 
ability to  contamination. 

Establishment  of  the  geologic  framework  was  particularly  important  in  this  area  because  of  the 
complexity  of  the  glacial  geology.  Delineation  of  the  aquifers  was  essential  so  that  the  ISWS  could 
base  their  studies  of  the  directional  groundwater  flow  of  each  aquifer  on  a  mass  measurement  of 
water  levels  in  the  four  aquifers  within  the  quadrangle.  Without  the  geologic  framework,  it  would 
have  been  almost  impossible  to  determine  from  water  well  records  alone  which  aquifers  the  wells 
were  finished  in.  Although  the  contamination  potential  map  for  the  quadrangle  suffices  as  a  regional 
planning  tool  for  municipal  and  county  officials,  further  conclusions  regarding  directional  groundwater 
flow  and  groundwater  protection  strategies  is  pending  the  completion  of  ISWS  investigations  and 
the  IEPA  assessment  of  potential  contaminant  sources. 
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Plate  1  Slack  -unit  map  to  a  depth  ot  100  teet  for  the  Woodstock  Quadrangle. 
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Material  Description 

Accretion  gley:  poorly  drained,  possibly  laminated,  fine  grained  deposits  in 

depressions 

Cahokia  Alluvium;  stream  deposits — a  mixture  ol  sand,  silt,  and  clay 

Grayslake  Peat:  peat  and  muck  with  possible  interbedded  clay  and  silt  that 

formed  in  swampy  depressions 

Equality  Formation,  Carmi  Member:  bedded  tine  grained  lacustrine  deposits 
with  some  sand 

Equality  Formation,  Dolton  Member:  mainly  sand  with  beds  of  silt  and  gravel 

Henry  Formation,  Batavia  Member:  sand  and  gravel  occurnng  as  an  upland 

unit  deposited  mostly  along  the  tronts  of  moraines 

Henry  Formation,  Wasco  Member:  ice-contact  sand  and  gravel  deposits  in 

kames 

Haeger  diamicton:  sandy  loam  to  loam  diamicton  that  averages  1 0  to  15  feet 

thick  and  is  typically  yellowish  brown,  structureless,  and  tnable 

Wedron  Formation:  undifferentiated  diamicton 

Haeger  diamicton.  sand  and  gravel  facies:  surface  or  near  surface  proglacial 

outwash  deposits.  20  to  120  feet  thick,  Irom  ice  advances  that  deposited 

several  diamicton  units,  but  mostly  the  Haeger 


y  Y  ¥       Yorkville  diamicton:  gray  silty  to  silty  clay  diamicton,  which  is  often  texturally 

variable 
a2        Aa        £2      Yorkville  diamicton,  sand  and  gravel  facies:  proglacial  outwash  sand  and 

gravel  between  5  and  50  feet  thick 
t  T  I       Tiskilwa  diamicton:  pink  loamy  diamicton,  often  more  than  150  feet  thick 

a3        A3       A3     Tiskilwa  diamicton,  sand  and  gravel  facies  (Ashmore  Member):  proglacial 

sand  and  gravel  20  to  100  feet  thick 
r  R  Fj       Robein  Silt:  organic-rich,  accretionary  silt 

x  X  X       Glasford  Formation:  undifferentiated  diamictons 

a4        A4        &4      Glasford  Formation:  undifferentiated,  proglacial  sand  and  gravel  overlying 

bedrock 
z  Z  Z       Undifferentiated  sand  and  gravel  within  a  member;  only  occurs  within  Tiskilwa 

sm  surface-mined  land 

Parentheses  around  lower  case  letters  (y):  matenal  is  discontinuous  in  its  mapped  area- 
Parentheses  around  upper  case  letters  (Y):  material  is  usually  between  20  and  50  feet  thick;  material 
may  be  less  than  20  feet  thick  (never  absent)  through  a  part  of  its  mapped  area 
Parentheses  around  upper  case  letters  that  are  underlined  (Y_):  material  is  usually  more  than  50  feet 
thick;  material  may  be  less  than  50  feet  thick  (never  absent)  through  a  part  of  its  mapped  area. 


